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0 Multilayer ceramic package with high frequency connections. 



@ A multilayer ceramic package is disclosed which 
includes a high frequency interconnect that simu- 
lates the performance of a conventional coaxial con- 
nector. The interconnect comprises a signal conduc- 
tor surround by the ceramic material forming the 
package. A plurality of vias are formed through the 
ceramic material so as to surround the conductor. 
These vias are then connected to a ground plane to 
form the outer shielding for the high frequency inter- 
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MULTILAYER CERAMIC PACKAGE WITH HIGH FREQUENCY CONNECTIONS 



Background of the Invention 



1 . Technical Field 

The present invention relates to a multilayer 
ceramic (MLC) package and. more particularly, to a 
multilayer ceramic package with a high frequency 
connector which simulates a conventional coaxial 
connector. 



2, Description of the Prior Art 

Multilayer ceramic packages have become 
popular design choices for a variety of devices, 
including integrated circuits, microwave circuits, 
and optoelectronic devices. Multilayer ceramic 
packages are usually formed of a material including 
alumina which can be sintered at the end of the 
packaging process to form a hermetic package. 

A true coaxial connector consists of a signal 
conductor completely surrounded by an insulating 
dielectric and the dielectric completely surrounded 
by the ground conductor. With this arrangement, 
signal loss is minimized, since all of the electric 
field emanating from the signal conductor remains 
confined in the dielectric. Additionally, a coaxial 
connector will electrically insulate the central signal 
path from any other signals In the vicinity. 

One arrangement in the prior art which utilizes 
a coaxial conductor as a connector with a high 
frequency optical receiver is disclosed in U.S. Pat- 
ent 4,309,717 issued to R.E. Cardinal on January 5, 
1982. The Cardinal package, however, utilizes a 
coaxial connector with a metal package. In order to 
attach such a connector to a multilayer ceramic 
package, both the outside and inside walls of the 
package must be metallized so that the connector 
can be soldered to the package. This is a difficult 
task to perform, and as a result, this type of con- 
nector is not normally utilized with a MLC package. 

Therefore, a need remains in the prior art for 
some means of including a coaxial-quality high 
frequency connector with a multilayer ceramic 
package. 



Summary of the Invention 

The need remaining in the prior art is ad- 
dressed by the present invention which relates to a 
multilayer ceramic (MLC) package with a high- 
frequency connector. 



In particular, a coaxial-like connector is formed 
from a section of multi-layer ceramic by including 
two pluralities of spaced-apart, parallel vias extend- 
ing between coplanar ground planes. A sufficient 

5 number of vias are formed so as to simulate the 
formation of a pair of conductive walls extending 
between the pair of parallel ground planes. The 
signal conductor is formed on one of the ceramic 
layers in the central region of the ground plane 

ro structure. 

In one embodiment of the present invention, 
the vias on adjacent ceramic layers may be stag- 
gered to form a more circular-like connection be- 
tween the bottom ground plane and the top ground 

75 plane to more closely imitate the conventional 
coaxial-type connector. 

An alternative embodiment of the present in- 
vention utilizes vias which are formed in such a 
pattern through the surface of the dielectric such 

20 that the connection may comprise any desired 
shape, for example, a right-angled path or an 
arched path. This embodiment is useful when the 
high frequency connector must turn a corner be- 
tween the signal source and the transmitting de- 

25 vice. 

Yet another embodiment of the present inven- 
tion relates to the formation of a high frequency 
connector through the bottom of a ceramic dual-in- 
line package (DIP). In a ceramic DIP. one of the 

30 pins may connect to a high frequency signal 
source, where vias are formed to surround the pin 
and provide ground plane shielding. 

The various attributes of the present invention 
will become readily apparent from a reading of the 

35 following description and by reference to the ac- 
companying drawings. 



Brief Description of the Drawing ^ 

Referring now to the drawings, where like nu- 
merals represent like parts in several views: 

FIG. 1 illustrates, in an exploded view, a 
multi-layer ceramic package including a high-fre- 
45 quency connector of the present invention; 

FIG. 2 illustrates a side view of the package 
of FIG. 1 illustrating the relationship between the 
vias of adjacent ceramic layers: 

FIG. 3 illustrates a plan view of the arrange- 
so ment of FIG. 1. with the top ground plane removed; 

FIG. 4 illustrates a plan view of an alternative 
embodiment of the present invention utilizing vias 
formed in an arched pattern; 
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FIG. 5 illustrates the connector of FIG. 1 with 
the top ground plane layer removed to illustrate an 
exemplary interconnection arrangement which is 
possible with the connector of the present inven- 
tion; 

FIG. 6 illustrates an alternative embodiment 
of the connector of the present invention, with 
staggered vias utilized to simulate a rounded co- 
axial connector; 

FIG. 7 illustrates a plan view of the embodi- 
ment of FIG. 6, illustrating two exemplary types of 
electrical connections which may be used to con- 
nect the vias associated with adjacent ceramic lay- 
ers; 

FIG. 8 illustrates an exemplary ceramic 
package of the present invention utilizing a 
through-the-wall high frequency connector for cou- 
pling an external signal source to a transmitting 
device located within the ceramic package; 

FIG. 9 illustrates an alternative ceramic pack- 
age of the present invention utilizing a high fre- 
quency connector which is completely encased 
within the package for connecting an internal signal 
source to a transmitting device; and 

FIG. 10 illustrates yet another embodiment 
of the present invention, utilizing the novel high 
frequency connector with a dual-in-line package 
(DIP) arrangement 



Detailed Description 

FIG. 1 illustrates, in an exploded view, an ex- 
emplary multilayer ceramic package including a 
high-frequency connector 10 formed in accordance 
with the present invention. An outer ground con- 
ductor 12 of connector 10 includes, as shown in 
FIG. 1, a bottom ground plane 14 and a top ground 
plane 1 6, separated by a pair of ceramic layers 1 8 
and 20, ceramic layers 18 and 20 being a portion 
of a multilayer ceramic package. The number of 
ceramic layers separating ground planes 14 and 
1 6, as well as their relative thickness f, is a matter 
of design choice. Ground planes 14 and 16 are 
electrically connected to form outer ground con- 
ductor 12 by two pluralities of vias 22 and 24, 
which extend through ceramic layers 18 and 20. 
The use of vias 22,24 thus form a pair of walls to 
complete the ground conductor structure. In a sim- 
plified visualization, ground conductor 12 may be 
thought of as a cage-like box, with vias 22,24 
forming bars on opposing sides of the box. A 
signal conductor 30 comprises a smaller metal 
strip formed in a central region of ground conduc- 
tor 12. In the exemplary embodiment of FIG. 1, 
signal conductor 30 is illustrated as disposed be- 
tween ceramic layers 18 and 20. In practice, con- 



ductor 30 may be directiy deposited on top surface 
19 of a ceramic layer 18. Coupling of connector 10 
to a high frequency signal source (not shown) is 
provided by removing sections of ceramic layer 20 

5 and top ground plane 16 to form an opening 32 
above signal conductor 30. as illustrated in FIG. 1 . 

As stated above, it is necessary to form plural- 
ities of vias 22,24 so as to simulate the formation of 
a pair of walls of conductive material between 

10 ground planes 14 and 16. The formation of such 
walls is clearly shown in FIG. 2. which is a section 
of connector 10 of FIG. 1 taken along line 2-2. In 
this particular embodiment, a plurality of five vias, 
subscripted as noted, is utilized to form via set 22. 

IS It is obvious tiiat the simulation is improved by 
increasing the number of vias. Additional vias are 
illustrated in phantom in FIG. 2. 

FIG. 3 illustrates a plan view of connector 1 0 of 
FIG. 1 which exposes top major surface 21 of 

20 ceramic layer 20. Each via may have a diameter d 
of. for example. 0.010 inches, with adjacent vias 
separated by an appropriately small distance. Care 
must be taken with some types of ceramic material 
so it is not stressed or cracked when forming the 

25 vias. Separating Uie vias by a distance equal to 1 .5 
times its diameter has been found to avoid this 
cracking problem with some materials. As improve- 
ments in ceramic material are made, it may be 
possible to form the vias in an overlapping pattern 

30 (as shown in phantom in RG. 3). creating one 
continuous section of conductive material. This pat- 
tern is thought to achieve the best ground plane. 
As seen by reference to FIG. 3, tiie vias in this 
exemplary arrangement are disposed in a linear 

35 arrangement along the Z-axis. Thus, connector 10 
can be likened to utilizing a straight piece of co- 
axial connecting cable, with the associated inter- 
connections to a high frequency signal source (not 
shown) and a transmitting device (not shown) 

40 formed at front face 30 and rear face 32 of connec- 
tor 10. 

In contrast, the vias may be disposed in any 
desired pattern, just as coaxial cable may be bent 
to form any desired physical shape. FIG. 4 illus- 

45 trates a plan view of one such alternative disposi- 
tion of vias. where vias 22' and 24' form a pattern 
which curves, or arches, to the right,^ forming an 
interconnection between front face 30 and a side 
face 34. It is clear from this arrangement that the 

50 spacing between adjacent vias may be adjusted to 
provide the desired curving shape. Various alter- 
native arrangements, including but not limited to, 
right- and left-angled connections, and leftward 
arches are also possible. 

55 An advantage or the coaxial structure of the 

present invention is that connections to both the 
ground plane and the signal path may be made at 
the same level in the ceramic. This advantage is 
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illustrated in Fig. 5. In particular, connection to 
ground conductor 12 may be formed to coincide 
with top surface 19 of ceramic layer 18. the same 
surface upon which signal conductor 30 is formed. 
This is accomplished in accordance with the 
present invention by forming an interconnection 
metal strip 36 along top surface 19 of ceramic 
layer so as to contact one or more of the vias 
passing through ceramic layer 18. For the exem- 
plary arrangement shown in FIG. 5. interconnection 
metal strip 36 is illustrated as contacting both vias 
222 and 223. It is to be understood that such an 
interconnection strip could be formed on the op- 
posite side of connector 10. so as to contact one or 
more vias 24. Final electric connection may be 
provided by a ground connection strip 38 which 
contacts interconnection strip 36 and runs parallel 
to signal conductor 30. It is to be noted, however, 
that interconnection strip 36 may also serve as the 
ground plane connector. 

FIG. 6 illustrates, in a cross-sectional view, an 
alternative embodiment of the present invention 
which may be utilized when it is desired to stagger 
the vias to form a more rounded coaxial-like struc- 
ture. Connector 50 of FIG. 6 includes, similarly to 
connector 10 of FIG. 1, a bottom ground plane 52 
and a top ground plane 54. connected by first and 
second pluralities of vias 56 and 58, respectively. 
Ground planes 52 and 54 are separated by a 
plurality of ceramic layers, illustrated in FIG. 6 as a 
set of five ceramic layers 60. 62. 64, 66 and 68. 
Signal conductor 70 is illustrated as formed on a 
top surface 65 of ceramic layer 64 so as to be 
approximately centrally disposed within the ground 
conductor structure. 

As shown in FIG. 6, the set of vias formed 
within each ceramic layer are joined to those 
formed through the adjacent ceramic layer by met- 
al connections formed over the top (or bottom) 
surface of the adjacent ceramic. In particular, vias 
56 1 formed through ceramic layer 60 are joined to 
vias 562 formed through ceramic layer 62 by a set 
of horizontal connections 57i . formed across top 
surface 61 of ceramic layer 60 (or alternatively, 
across bottom surface 63 of ceramic layer 62). In 
this staggered configuration, either separate metal 
connections 57. or a single metal strip 59. may be 
used to join contiguous vias. FIG. 7, a plan view of 
the staggered arrangement of FIG. 6, illustrates 
both alternatives. 

As mentioned above, the high frequency con- 
nector of the present invention may be used with 
many different multilayer ceramic package arrange- 
ments. A first type of package is illustrated in FIG. 
8. As shown, this particular ceramic package uti- 
lizes a "through-the-wair high frequency connector 
100 for coupling an external signal source 110 to a 
transmitting device 120 encased within a package 
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130. For example, device 120 may be a semicon- 
ductor laser. Connector 100 includes first and sec- 
ond ground planes 140 and 160, separated by a 
plurality of ceramic layers 180 and 220. Two plural- 
5 ities of vias 220 and 240, are utilized to connect 
ground planes 140 and 160. Signal conductor 300 
is centrally disposed, as shown, within the dielec- 
tric material. 

An alternative emtx)diment of a package utiliz- 
10 ing the connector of the present invention is illus- 
trated in FIG.9. In this particular embodiment, con- 
nector lOO' is fully contained within package 130'. 
In this manner, connector 100 may consist of 
sections 140' and 160' of the material forming the 
75 walls of the ceramic package 130 or. alternatively, 
connector 100 may comprise separate pieces of 
ceramic which are positioned inside package 130'. 
This particular embodiment is utilized when it is 
desired to location the signal source 110' inside 
20 the package with the transmitting device 120'. As 
shown in the configuration of FIG. 9, the vias 220' 
and 240 are disposed in a curved configuration, 
with signal source lio' coupled to connector lOO' 
at front face 150 and transmitting device 120 
25 coupled to connector 100 at side face 170. 

The uses of the high frequency coaxial-like 
connector of the present invention are not limited 
to the specific package designs discussed above. 
For example, the inventive high frequency connec- 
30 tor may be formed as part of a dual-in-line package 
(DIP) similar to that illustrated in FIG-10. In this 
particular embodiment, a DIP 300 includes a plural- 
ity of connecting pins 310, 312. 314 and 316 which 
extend through bottom surface 318 of package 
35 300. Pin 310 is defined in this example to be the 
connection between an external high frequency sig- 
nal source (not shown) and an internal device, 
perhaps a high frequency laser or LED (not 
shown). In accordance with the teachings of the 
40 present invention, a plurality of vias 320 are formed 
through bottom surface 318 of package 300 to 
surround pin 310 and form outer ground plane 340. 
A metallic strip 360 is utilized to "connect the vias 
to some internal ground, or package ground {not 
45 shown). In this particular embodiment, vias 320 are 
disposed in a circular fashion since this particular 
arrangment most closely simulates the convention- 
al coaxial-type connector than the previous em- 
bodiments. However, any suitable arrangement of 
so vias may be utilized (square pattern, rectangular 
pattern, for example) so long as pin 310 is com- 
pletely surround by vias. As long as the material 
forming package 300 is non-conductive, this type 
of high frequency connector may be formed. It is to 
55 be understood that there are many other types of 
packages which may utilize the coaxial-like high 
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frequency connector of the present invention which 
are possible that have not been enumerated or 
illustrated here. 

Claims 

1. A ceramic package including a high fre- 
quency connector, said high frequency connector 
comprising: 

a signal conductor for providing a connection be- 
tween a first device and a second device; 
CHARACTERIZED IN THAT 
the high frequency connector further comprises 
ceramic material disposed to surround the signal 
conductor; 

a plurality of vias formed through the ceramic ma- 
terial so as to enclose said signal conductor; and 
grounding means coupled to the plurality of vias to 
form, in combination with said plurality of vias. a 
ground plane insulator for said signal conductor. 

2- A ceramic package as defined in claim 1 
wherein the grounding means comprises 
a first layer of conductive material; and 
a second layer of conductive material disposed in a 
parallel relationship with the first layer; and 
the plurality of vias comprises 
a first set of vias formed through the ceramic 
material so as to form a first electrical connection 
between the first conductive layer and the second 
conductive layer; 

a second set of vias formed through said ceramic 
material so as to form a second electrical connec- 
tion between said first conductive layer and said 
second conductive layer, the first and second sets 
of vias disposed in a spaced-apart relationship 
such that the signal conductor is contained within 
the region bounded by said ground means and 
said plurality of vias and the signal path along said 
signal conductor is parallel with said first and sec- 
ond conductive layers. 

3. The ceramic package of claim 2 wherein 
said package comprises a plurality of separate 
ceramic layers and the signal conductor comprises 
a strip of conductive material disposed longitudi- 
nally along a major surface of one of said plurality 
of ceramic layers. 

4. The multilayer ceramic package of claim 2 
wherein each set of vias is formed in an offset 
arrangement such that vias through adjacent ce- 
ramic layers are shifted to form a rounded profile 
high frequency interconnection when viewed along 
the direction of the signal path, the package further 
comprising electrical connection means disposed 
between adjacent layers of enclosed ceramic ma- 
terial to provide electrical connection between adja- 
cent pluralities of vias. 



5- The multilayer ceramic package of claim 4 
wherein the electrical connection means comprises 
a plurality of conductive strips, each strip asso- 
ciated in a one-to-one relationship with each via of 
5 the plurality of vias. 

6. The multilayer ceramic package of claim 4 
wherein the electrical connection means comprises 
a single strip of conductive material disposed be- 
tween adjacent layers of enclosed ceramic material 

70 so as to provide electrical contact between adja- 
cent vias. 

7. The multilayer ceramic package of claim 1 
wherein each via comprises a predetermined diam- 
eter d. adjacent vias separated by a distance of 

75 1.5d." 

a The multilayer ceramic package of claim 1 
wherein each via comprises a predetermined diam- 
eter d. and adjacent vias are disposed in an over- 
lapped pattern so that the overlapped vias essen- 

20 tially form a single section of conductive material 
between the top and bottom major surfaces of each 
ceramic layer. 

9. The ceramic package of claim 2 wherein 
each set of vias is disposed in a linear arrange-. 

25 ment- 

10. The ceramic package of claim 2 wherein 
each set of vias is disposed in a nonlinear arrange- 
ment. 

11. The ceramic package of claim 1 wherein. 
30 the high frequency connector is formed through a 

sidewall of said package to provide connection 
between the first device, located external to said 
package, and the second device, located internal to 
said package. 

35 12, The ceramic package of claim 1 wherein 

the high frequency connector is wholly contained^ 
within said package to provide connection between 
a first device located within said package to a 
second device located within said package. 

40 .13. The ceramic package of claim 1 wherein 
the high frequency connector is formed through the 
bottom of said package and the signal conductor is 
disposed perpendicular to the package bottom, the 
plurality of vias formed parallel to said signal con- 

45 ductor and disposed to surround said signal con- 
ductor. 

14. The ceramic package of claim 13 wherein 
the plurality of vias is disposed in a non-circular 
pattern around the signal conductor. 
50 15. The ceramic package of claim 13 wherein 

the plurality of vias is disposed in a circular pattern 
around the signal conductor. 

55 
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@ A multilayer ceramic package is disclosed which 
includes a high frequency interconnect (10) that sim- 
ulates the performance of a conventional coaxial 
connector. The interconnect comprises a signal con- 
ductor (30) surround by the ceramic material (18, 20) 
forming the package. A plurality of vias (22, 24) are 
formed through the ceramic material so as to sur- 
round the conductor. These vias are then connected 
to a ground plane (14, 16) to form the outer shielding 
for the high frequency interconnect. 
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